Over the past 30 years the natural history of bronchiectasis must have been considerably modified by the varying treatments which have been introduced. Laennec's original description in 1829 was made from post-mortem material, the diagnosis in those early years only being made in severe clinical cases or at autopsy. With the introduction by Sicard and Forestier in 1922 of an opaque substance to outline the bronchial tree, more accurate diagnosis was possible, but whilst this new diagnostic technique was being improved, measures to combat the disease were introduced. Physiotherapy with postural drainage and breathing exercises was soon assisted by the introduction of chemotherapy and antibiotics. At about the same tiesurgical procedures, i.e. lobectomy andpneumonectomy, were adopted and later multiple segmental resections were practised in an attempt to remove, if possible, all the diseased parts. But it was soon realized that bronchiectasis was not just an anatomical dilatation of certain bronchi, but usually a general disease complex, and removal of all diseased parts did not necessarily relieve all the symptoms. As a result surgery was recommended less and less, particularly as chemotherapy was able to control the respiratory exacerbations.
The present survey of 225 patients observed over a perio of eight to 21 years covers this period of changing conditions. In most cases the diagnosis was made before the introduction of antibiotics and in some cases before the use of sulphonamides. In spite of the varying treatments a definite pattern of disease seems to emerge in which the onset of damage to the lung is maximal in the first five years of life. Thereafter the symptoms may be troublesome until puberty, when a surprising improvement in health occurs, lasting usually through the 'teens into the twenties. It remains to be seen what happens in later life.
Earlier studies on these patients were reported in 1949 (Field) and the present study is a continuation of this work.
The Present Study
This report consists of 104 patients treated medically and 121 treated surgically. Although the author has been in Singapore for the past 11 years, contact with the patients was made on each home leave, and in 1956 137 patients were asked to attend for a clinical examination; 84 attended and 25, who were unable to attend, replied to a special questionnaire. There was no reply in 28 cases, usually because they had moved and the address was unknown. Out of these 109 patients, four were surgically treated and have been included in the surgical series and one who had died eight years previously was excluded, thus leaving 104 patients who constitute the medically treated patients of this study. All of these had at one time shown some dilatation of the bronchi by bronchogram, but in 38 instances this was mild and of doubtful permanency. All had symptoms of chronic chest disease.
Most of the surgical patients had been operated on by Professor R. S. Pilcher and his staff, and were being followed up regularly in his clinic. With his kind co-operation a special questionnaire was filled in by the patients when they attended the clinic and the examining doctor filled in the clinical record. A full record was obtained of 117 Duration of Follow-up. It will be seen from Fig. 1 that the minimum number of years for which the patients have been followed is eight years and the maximum 21 years; the majority have been followed for 11 to 15 years.
Age. The majority of patients during the 1956 survey were between the ages of 14 and 24 years, the youngest being 10 years and the oldest 29 years (Fig. 2) FusifOrm .1.
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Site of Disease (Fig. 3) . As previously recorded (Field, 1949 ) the left lower lobe and lingula of the left upper lobe are most frequently affected, followed by the right middle lobe. In this series the right lower lobe is not quite so frequently affected.
Type of Bronchiectasis. Four types of bronchiectasis are described, but there are many variations of these and more than one type can be seen in one patient (Table 1) .
Tubular dilatation is often the early stage of the disease in children, and this explains the high incidence. As the terminal part distends and becomes more bulbous, the bronchiectasis becomes (Field, 1949 by their own doctors for exacerbation of chest symptoms, but as far as I know none of them received continuous chemotherapy.
Pulmonary Resection. As might be expected, the lingula of the left upper lobe, the right middle lobe and the left lower lobe were the most frequently removed lobes of the lung; partial resection of a lobe was also performed not infrequently (Table 3) .
Duration since Last Operation (Fig. 4) shown by a cough and moist sounds in the lung. At this age the disease process often seems to be generalized and is difficult to define. Recurrent pulmonary collapse is a common feature.
From 6 to 12 years of age the child's condition improves a little, although the cough usually persists often with a nasal discharge and sputum may be produced. Attacks of recurrent bronchitis or asthmatic bronchitis become less frequent and recurrent pulmonary collapse is less commonly seen.
As puberty approaches, a remarkable change seems to take place. No longer is the child anxious or worried about his disorder; many lose their cough and symptoms, and if they persist they cause little discomfort. Even their parents stop worrying about them. Their whole outlook on life has changed and their disease is quite a secondary matter. Clubbing usually disappears and moist sounds in the lungs are far less frequent. This is the picture of the mild and moderate case. The more severe cases are a little different. They usually persist with a cough which, however, becomes less troublesome; sputum may persist, but does not increase in quantity as might be expected, although some do complain of streaks of blood in the sputum.
On the whole the activity of the bronchiectatic adolescent is not impaired; most of them lead a reasonably full active life, but some complain that running makes them cough and they avoid it. The majority take jobs of one sort or another; most of these were either sedentary in nature or only required moderate exercise; but some preferred an open-air job. Many are now married, and none complained that their disease was a bar to marriage, although in a surgical case there has been one marital complication since marriage due to the danger of having further children. Reproduction appears to be normal, but growth as measured by height and weight does seem to be slightly impaired (see Figs. 6 
and 7).
One small group in which diffuse bronchiectasis is associated with moderately severe asthmatic symptoms improve very little. Clubbing usually persists and the lungs are rarely clear of moist sounds; growth is stunted and there is often slight cyanosis showing the extent of lung damage, and they are unable to do a full-time job because of fatigue. The three cases in this category all died between the ages of 17 and 21 years from pulmonary insufficiency with signs of cor pulmonale. There have been eight deaths in the series since this study was first reported in 1947 (Field, 1949) and four more since 1956. These are reported in detail later.
Pulmonary resection undoubtedly improves certain cases if carefully selected for operation and relieves some of the most severe cases of many of their symptoms, but it does not seem to affect to any great degree the natural history of the disease. Bronchiectasis is so often something more than just localized damage to bronchi: it is a generalized respiratory disorder with a susceptibility to recurrent chest infections, sinusitis and their accompaniments, including allergy, and it is this that may persist in spite of surgical removal of the diseased parts. The patients treated surgically improved at puberty and during their 'teens, as did the patients treated medically, but they continue to have recurrent chest infections and there seems to be little to choose between the two groups.
Recurrent or persistent nasal infection and sinusitis is probably as troublesome to a bronchiectatic as his chest infection and it is often difficult to clear. This may account' for some of the persistent symptoms.
Practically all the cases with recurrent pulmonary collapse showed, at a later date, typical asthmatic symptoms suggesting that the cause of recurrent pulmonary collapse is most commonly allergic in nature. Eight out of nine of these cases appeared to be quite well by puberty.
This story so far is only half told, for as the adolescent merges into adult life with marriage, children and responsibility some of the symptoms return and become troublesome, constituting what is commonly known as recurrent or chronic bronchitis in adults. As the follow-up continues it is my impression that the symptoms become more troublesome.
The exact part that chemotherapy and antibiotics play in the modification of the natural history of this disease is very difficult to assess. At the beginning of this study even the sulphonamides were not in general use and most of the cases were selected before chemotherapy could have had much influence. However, there is no doubt that antibiotics play an important part in the recurrent chest infections and reduce the dangers of complications in surgery so that their use must have affected to some extent the prognosis; it is doubtful if it has affected to any great degree the prevention of recurrent chest infections. As far as I know continuous chemotherapy has not been used on any of these children. It General Assessment ( Fig. 5 and Table 4 ). When all the data had been collected a general assessment of progress was made by the doctor.
Only four children have deteriorated and four have died, although the condition of 22 medically treated patients, as opposed to only three surgically treated patients, remained the same. The number of deaths gives a deceptive impression as those children known to have died before the 1956 survey were not included in the survey, but are fully reported later in this paper and included in Fig. 5 . Intercurrent Illnesses (Table 5) . Bronchitis is the most frequent and troublesome complication which usually, however, responds well to antibiotics. About 50% of the patients have suffered from an intercurrent chest disorder. (Table 6 ). Twelve medical patients with over 16 weeks' sick leave indicate that the more severe cases are incapacitated; three of these cases died shortly after these records had been collected. In about 50% of the Growth and Nutrition. Figs. 6 and 7 show the individual records for height and weight in relation to age and in relation to the average 50th percentile. It will be noted that more patients in all charts are below the 50th percentile than above it and some patients, particularly those treated medically, are quite severely undersized. It had been noted that the severe cases, particularly those with asthma, were stunted, but the general tendency for the bronchiectatic to be undersized was a surprise finding.
Cough. Fig. 8 and Table 8 show clearly that the severity of the cough has improved over the years and 44 medically treated patients and 31 surgically treated patients are now free from cough. When it is present it is far less persistent than in childhood.
Sputum. Unfortunately early records are incomplete, but data in Fig. 9 and Table 9 show a tendency to lessening of the amount of sputum. Haemoptysis was rare in infancy, but streaking of sputum with blood was noticed in a few patients during adolescence. One patient died of a severe haemoptysis.
Nasal Discharge. Two records were kept of nasal discharge: the patient's complaint and the doctor's observation. The simple clinical test of blocking each nostril separately with the finger and asking the patient to sniff was applied.
Figs. 10 and 11 and Tables 10 and 11 show that there was a definite improvement in the nasal discharge during adolescence both as a symptom and as a clinical sign. Many of these children had sinus operations in childhood. It seems that the sinus infection is as troublesome as the chest infection in many of these patients and probably accounts for some of the sputum.
Wheezing. In children this is often associated with respiratory infection and seems to be less marked as the child grows older. Early records are incomplete, but the 1956 records (Table 12) show that a number still suffer from this complaint occasionally.
Breathlessness. This is a vague and ill-defined symptom and early records are incomplete. In the 1956 survey there were many, particularly in the surgical group, who said they became breathless on exercise ( Tables 14 and 15 illustrate the prevalence of chest deformities.
Chest Expansion (Table 16 ). The greater number with 'good expansion' in the surgically treated patients is probably the result of breathing exercises which are practised more diligently after surgery. Very few medically treated patients persisted with the breathing exercises.
Clubbing. In bronchiectasis, clubbing usually indicates a purulent infection of the chest. With the use of antibiotics the infection has come under control and the clubbing has disappeared, as it has also after surgical removal of the diseased part. Fig. 12 and Table 17 show the disappearance of clubbing in about one-quarter of the cases.
Moist Sounds in the Chest. Moist sounds in the lungs are usually indicative of some persistent infection or allergy. Fig. 13 and Table 18 show the tremendous improvement in both medically and surgically treated patients in adolescence; in 129 patients no moist sounds were heard in the follow-up survey.
At the onset of the disease rales were more in evidence than rhonchi, and in the follow-up they were of equal prevalence.
General Comments on Clinical Features. These records support the clinical impressions of a subjective and actual improvement in the average case of bronchiectasis during adolescence. The cough, sputum, clubbing and moist sounds in the chest all improve, although nasal secretion continues to be troublesome and posture may remain defective. Bronchographic Changes. Repeat bronchographic studies have not usually been done on these children during adolescence; nevertheless, certain changes have been observed over the years in specific cases.
As already stated, the fusiform and varicose types of bronchiectasis usually have a good prognosis. The saccular type is variable, depending on the extent of the disease and the associated damage to the bronchi. The patient continues to have a cough with sputum and some of these have persistent clubbing. The tubular type of bronchiectasis shows definite changes over the years and in itself it is probably not a stable form. Three changes have been noted.
1. The bronchi revert to normal calibre with the re-expansion of a pulmonary collapse (Fig. 14a  and b bulbous and often cystic ( Fig. 15a and b ). This is a sign of irreversible bronchiectasis.
3. The tubular dilatation takes on a varicose appearance (Fig. 15c) . Table 19 gives an analysis of these deaths. Cases 1 and 2 were young children having had pulmonary resection some time previously, but whose general condition and pulmonary state progressively deteriorated; both patients were then suspected of suffering from fibrocystic disease of the pancreas, but this was never proved. Case 3 was observed from the onset when she developed cystic bronchiectasis after a virulent staphylococcal pneumonia which had been treated in the early days with sulphathiazole ( Fig. 16a and b) . Her condition was never satisfactory after this, and, in the final stages, her private practitioner found massive collapse of the left lung and extensive infection of the right. Case 4 was a child with an obscure myopathy, always frail and fragile. She died in hospital with a severe haemop- after removal of the left lower lobe. Cases 11 and 12 did not die as a result of their bronchiectasis. It is the first three cases that are perhaps puzzling: the children whose bronchiectasis never seems to respond satisfactorily to treatment. There are a few of these cases still living, and, as can be seen, surgery does not help. The extent of the lung damage, the virulence of the infection, or an underlying general disorder such as fibrocystic disease of the pancreas or agammaglobulinaemia should be suspected.
Discussion
In the past 10 years there have been several follow-up studies reported in the literature both for medically treated and surgically treated cases, and on the whole the results are favourable with the majority showing improvement and with some cases apparently clinically well (McKim, 1952; Strang, 1956; Dyggve and Gudbjerg, 1958; Franklin, 1958) . The only study, however, that can be compared with the present series is that by Strang. He followed up 209 children all under 15 years at the time of onset of the disease; the duration of follow-up was shorter, two to 15 years. In 75% of his cases the onset of the disease was in the first five years of life; 51% showed clubbing and his cases may be, on the average, more severe than the series reported here. One hundred and sixty-three were treated surgically and 46 conservatively. There is no doubt that Strang was seeing the same trend of improvement and in fact the results in his surgically treated patients are very similar to those reported here. The prognosis in his medically treated patients is not quite so good, but this may be because, in the present series, 38 cases were mild cases, some of which were of doubtful permanency, and many of these are now symptomless and probably cured. Strang mentions the frequency of feverish chest illnesses which occurred in 130 of his 209 cases. It is these febrile attacks that can now be effectively controlled in most patients with antibiotics, thus changing to a certain extent the natural history of the disease.
Ogilvie, in 1941, records the results in 68 cases of bronchiectasis. Although these were followed for 'less than 6 years', nevertheless, they occurred in the era before the extensive use of antibiotics. Even in these cases 25 were well and symptom-free; 16 of these, however, were after operation. Fifteen had died, six after operation. Some of his cases, however, included adults as the average age was 17 years 3 months. Strang (1956 ) mentions a further follow-up for I1 to 18 years of 15 of Ogilvie's bronchiectatic children; five had died, two were 'cured', three had greatly improved and five remained the same but carried on a normal life.
McKim (1952) reviews 49 ambulant cases collected between 1930-41, which were followed up for nine to 20 years. The average age at the time of diagnosis was 31 years, so this series was, in the main, from a different age period. Nevertheless, he found that there was a general tendency to improvement, but that the longer the history of the disease the less good was the prognosis. Does this suggest that all cases of bronchiectasis improve for a time only or is it a question of the age factor? Franklin (1958) divides his 20 patients into three categories: invalid, delicate, and absolutely well after the first assessment in 1944. In 1958 these patients had been followed for six to 22 years and their ages ranged from 15 to 34 years. The 11 patients who were absolutely well remained well; of the four delicate patients, two remained delicate and two became invalid, and of the five invalid patients, one had died, one had become well and the others had remained invalid or delicate. This second review suggests a slight overall deterioration, but on the whole there is not much change. Many of these patients are now in their twenties; only one is in the thirties.
In the series of cases reported here, there has been no classification of severity, largely because the review is essentially an overall review relating to the natural history of the disease process. Nevertheless, it is possible to study those patients who either died or whose condition has worsened. Strang (1956) states 'there was no evidence that the severity of the symptoms before operation had any bearing on the ultimate result'. With that I am inclined to agree as removal of a severe but localized cystic lobe can produce a symptomless patient. I have seen the same improvement occur in a severe case of bilateral saccular disease where operation was refused. The disease must have become 'dry' as, at the age of 16, the child had no cough or sputum and was stated to be well. Such a case, however, is a rarity; in general, those who are treated conservatively, may improve but continue to be severe. The mysterious cases are those who for no apparent reason deteriorate rapidly in spite of treatment by antibiotics. Case 3 (Table 19) was such a patient. Her fine diffuse cystic bronchiectasis following staphylococcal pneumonia did not look severe ( Fig. 16a and b ), yet her progress was never satisfactory; a superadded massive collapse of the left lung must have decided the ultimate outcome. It is probable that the disease in the lung was more extensive than the bronchograms suggested and that after the massive collapse she was left with inadequate pulmonary tissue for gaseous interchange. This is one of the most dangerous signs in cases of bronchiectasis usually manifesting itself with some degree of cyanosis. A further case illustrates this, a brother and sister were both affected with a somewhat diffuse type of bronchiectasis in childhood. The sister made good progress, but the brother never seemed well. Lobectomy was carried out and the most severely diseased parts were removed, but this produced little or no improvement; he has now reached the stage where he is unable to work due to fatigue and has cyanosis and breathlessness on exertion. The damage to the pulmonary alveoli in this patient is too extensive for satisfactory ventilation and in due course circulatory embarrassment will follow. These children have a bad prognosis, particularly as they reach adolescence and their physiological needs are greater. From Table 19 The prognosis in bronchiectatic cases with asthma is never good. Even if all bronchiectatic areas are removed, the symptoms persist. Strang (1956) states 'the presence of asthmatic symptoms before operation does seem to influence the result'. In patients treated conservatively it may add to the pulmonary strain thus producing emphysema, pulmonary hypertension and cardiac failure as in Cases 5, 6 and 7 (Table 19 ).
In the present series there were 38 cases in the medically treated group in which it was impossible to say whether the tubular dilatation was likely to be permanent. In a few it was permanent as proved by repeat bronchography and some of these have been subjected to lobectomy; in others the symptoms have persisted, suggesting a permanent lesion, but in many all symptoms and signs have disappeared, and it is possible that in some of these the tubular dilatation has reverted to normal ( Fig. 14a and b) . This reversible phenomenon in children is important to remember, otherwise unnecessary lobectomy may be performed. Williams and O'Reilly (1959) describe two pathological types of bronchiectasis: (a) that with subacute pyogenic pulmonary collapse and (b) that with non-specific infective bronchiolitis and/or interstitial pneumonia. They believe that with chemotherapy, postural coughing and physiotherapy many cases of type (a) will show complete or partial resolution of collapse and bronchiectasis, but that such treatment is less effective in type (b). It is therefore important to recognize those cases which may still be considered reversible (see later).
Surgery for bronchiectasis must of necessity be selective, but practice has changed over the years from the removal of grossly diseased lobes or lungs only, to segmental resection in an attempt to remove all diseased parts and at the present day to the more conservative surgery of removing only grossly diseased parts or definite localized bronchiectasis. The present series of cases fell largely into the middle group and many patients underwent several operations for partial resection. If patients treated medically and those treated surgically can be compared, it is that more surgically treated patients have improved whereas more medically treated patients have remained the same (Fig. 5) Strang (1956) remarks on this and suggests that it might be caused by sinusitis or a generalizedbronchitis. If Williams and O'Reilly (1959) are correct in their pathological differentiation then type (b) (see above) in which there is a non-specific infective bronchiolitis and/or interstitial pneumonia will lead to a more generalized disease with persistent symptoms after the bronchiectatic lesions have been removed. Allergy may also be the cause in some patients.
In the selection of cases for surgery therefore, many important points must be considered and each patient is an individual problem. The following points may be of value:
(1) Grossly diseased parts, particularly if saccular, are better removed provided that enough healthy lung can be left.
(2) Moderately severe dilated bronchi with symptoms, if localized, are probably best removed. (3) Cylindrical bronchiectasis with a bulbous or saccular periphery (Fig. 15b) where symptoms are troublesome is probably best removed, if it is localized, as this type is irreversible.
(4) Cylindrical bronchiectasis in children should be left alone and watched even if it is associated with symptoms. Some of it will be reversible, and some will revert to the fusiform or varicose types with a good prognosis.
(5) Diffuse bronchiectasis should be left alone unless a grossly diseased localized area is also present (see (a) above).
(6) If the child has asthmatic symptoms the prognosis is less promising. These patients tend to remain with their asthmatic symptoms or chronic bronchitis.
Does bronchiectasis spread? This is not easy to answer because superadded pneumonic processes or pulmonary collapse may themselves cause a spread of the disease. However, in the severe type of bronchiectasis with much sputum it is possible for adjacent dependent bronchi to be subject to tip over secretions with mild bronchiectasis. Furthermore, if the remaining lung is not completely healthy after lobectomy, the bronchi which become dependent may develop bronchiectasis or, if already dilated, may become more dilated. On the whole, bronchiectasis is not a spreading disease and usually remains confined to the lobes originally affected. Strang (1956) states 'there was no evidence from a study of these cases to support this concept of bronchiectasis as a spreading process'. But Dyggve and Gudbjerg (1958) found new dilatation in three out of 11 post-operative cases.
In the series of cases reported here no special study has been made of the part played by antibiotics in the natural history of the disease, but it is known that most (if not all) patients received antibiotics for the febrile respiratory infections from time to time. Comparison of cases occurring before the use of antibiotics and those of the present day is of little value as diagnosis of milder cases is made more frequently today, thus making the two groups incomparable. Furthermore, the old concept of the disease as a crippling disorder with a high mortality may have been related mainly to the severe types diagnosed by clubbing and fetid sputum. With the modern facilities of chemotherapy, surgery and postural drainage with physiotherapy, the history of bronchiectasis from childhood is one of considerable improvement particularly around puberty in the second decade. Whether this improvement will be maintained in adult life remains to be seen. Summary (A clinical review of 225 cases of bronchiectasis is given; 104 of these were treated medically and 121 surgically. The patients have been followed for eight to 21 years at the time of report and their ages range from 10 to 29 years. There is a slight preponderance of females.
In 169 patients the onset of the disease was in the first five years of life; thereafter there was some improvement which became most marked in the second decade around puberty. In the twenties the condition seems to be stationary. The results were slightly better in the surgically treated patient, but the two groups are not comparable.
Of the patients, 53% have suffered from an intercurrent respiratory infection or asthma during the past six years and some have frequent attacks. None complained that the disease affected their marriage, but in one patient it created a complication.
There was no cough in 33% and in 44% no sputum. Nasal discharge, although less troublesome to some, still persisted in others and was a possible cause of cough. Wheezing at times was complained of by 42%, and undue breathlessness on exercise by 53%. This was more marked in the surgically treated patients.
Postural defects and abnormal shape of the chest were not uncommon features particularly in the surgically treated patients. A surprise finding was in the growth records for height and weight. There was a tendency for the records to be under the 50 percentile and a few patients were grossly underweight, particularly the medically treated patients.
Clubbing had disappeared in about 69% of the patients in whom it was originally reported. In 57% of the patients no moist sounds could be heard in the lungs even in patients with habitual cough.
Twelve deaths are reported since the original published records (Field, 1949) : five surgically treated, five medically treated and two patients who died from causes other than the chest. All the patients except the last two were suffering from extensive bilateral disease.)
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